(NASA-TM-1G79A2) USER AS5EM3LY AND 
SERVICING SYSTEM FOR SPACE STATION, AN 
EVOLVING ARCHITECTURE APPROACH Final Report 
(NASA) 11 p 


G 3/18 


N92-28213 


Unci as 
01 06536 


USER ASSEMBLY AND SERVICING SYSTEM FOR SPACE STATION 
AN EVOLVING ARCHITECTURE APPROACH 


Thomas A. LaVigna and Helmut P. Cline 
NASA/Goddard Space Flight Center 
Greenbelt, Maryland 20771 


ABSTRACT 

On-orbit assembly and servicing of a variety of scientific and applications hardware systems is 
expected to be one of the Space Station’s primary functions. The hardware to be serviced will 
include the attached payloads resident on the Station, the free-flying satellites and co-orbit- 
ing platforms brought to the Station, and the polar orbiting platforms. The requirements for 
assembly and servicing such a broad spectrum of missions have led to the development of an As- 
sembly and Servicing System Architecture that is composed of a complex array of support ele- 
ments This array is comprised of U.S. elements, both Space Station and non-Space Station, and 
elements provided by Canada to the Space Station Program. For any given semcing or assembly 
mission, the necessary support elements will be employed in an integrated manner to satisfy the 
mission-9pecif 1c needs. 

This oarer will discuss the structure of the U ser Ass embly and Servicing System Architecture and 
the manner in which it will evolve throughout the duration of the phased Space Station Program, 
^articular emphasis will be placed upon the requirements to be acconsnodated in each phase, and 
the development of a looical progression of capabilities to meet these requirements. 


INTRODUCTION 

The Space Station User Assembly and Servicing System has undergone Intensive study, revision, 
and refinement over the last savaral years. The early reference configuration was used as a 
basis for the Phase B effort which began in 1985 and culminated in 1987. During Phase B, revi- 

„r. id. baa.d upon pot o.ly th. of th. .tudl.. 

uoon the changes in the overall Space Station configuration. The moat important of the latter 
were the results of the Critical Evaluation Task Force (CETF) and the Phased Program TasJc Force 
(PPTF) . The phasing of the Space Station Program has caused a substantial change in the Se 
vicing System configuration for the Phase I p#£ipd. 

This oaper intends to focus on three things: first, to briefly describe the fundamental ob- 

jectives and requirements that have been at the foundation of the Servicing System > definition' 
second, to describe the baselined Servicing System Architecture that resulted from this de fin i 
tion and the phased architecture that results from the Program phasing; and third, to discuss 
some areas of further study to assess the present Phase I capabilities. 


SFRVTCING OBJECTIVES 

There are two fundamental objectives for Space Station servicing. From the very o{ 

the Program, it was evident that the servicing of user systems (both attached P«yl°« 

flyers and platforms) was to be an important attribute of the Space Station. Thus, 
the development of thia capability along with the necessary tools, facilities, and procedures 
became a primary objective. Servicing was also recognized to consist of a broad set of f 
tions including assembly, repair, consumables replenishment, reconfiguration, and storage. 

Furthermore, it was realized at an early stage that a Servicing System fully *•**?"?*** *° “*** 
needs could not be defined unilaterally, but needed to take into acco *** d c^sidirabie 
limitations, and requirements of the core Station. It is because of 
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similarity between the performance of Station maintenance and user servicing, that the objective 
of optimizing these systems for maximum efficiency was established. 

TYPES OF SEFVTCES REQUIRED 

The types of services required can be stated generically as follows: 

e Replacement of limited lifetime subsystems and components 

e Replacement or repair of failed modules, subsystems, and parts 

e Replacement of spacecraft or instrument subsystems to improve 
performance with new technology (upgrade) 

e Replenishment of consumables 

e Assembly of observatories, instruments, and attached payloads. 

Of oarticular importance to the science cownunity is the capability for assembly of payloads and 
instrument systems on-orbit. This service can result in substantial improvements in instrument 
performance by allowing its design to be optimized for on-orbit operation. Restrictions imposed 
by the launch vehicle loads and payload envelope can be alleviated by special packaging for 
launch and assembly on-orbit. 

The provision of these services necessarily leads to a particular set of functional capabilities 
that the Space Station will need to have to satisfy the requirements. While analyzing the de- 
tailed scenarios for performing any of these services for a given mission, a "second-order" set 
of requirements begins to surface. These include items such as staging/storage areas, thermal 
protection, and contamination protection. 

DESIGN REFERENCE MISSIONS FOR CUSTOMER SERVICING 

Figure 1 is an abbreviated tabulation of the servicing requirements for a design reference mis- 
sion set that was used during the Space Station Phase 8 effort to validate and bound the servic- 
ing capabilities as they were being defined. It should be noted that the composition of this 
mission set has changed since it was first compiled; however, it is less important than the 
nature of the requirements contained therein. Thus, although a mission set assembled today may 
well have different constituents, the requirements for the set will remain quite similar. 

SERVICING SYSTEM ARCHITECTUFE (BASELINE) 

The elements that comprise the Servicing System, working together in different combinations, 
will accomplish the servicing and on-orbit assembly tasks for user systems. The Goddard Space 
Flight Center (GSFC) has been assigned the responsibility to develop the Servicing System Ar- 
chitecture consistent with the evolving needs of the user community and the Space Station Pro 
gram. Inherent in this responsibility is the definition of how the various elements will work 
synergist ical ly to perform the servicing tasks. 

The composition of the baselined Space Station Servicing System Architecture is shown in Figure 
2. Prior to the phasing of the Space Station Program, all of the elements shown were included 
in the architecture, even those which are not inherent to the Space Station (such as the Nation- 
al Space Transportation System (NSTS) and the Orbital Maneuvering Vehicle (OMV) ) . As a result 
of the Program phasing, some of the elements (either partially or totally) have been deferred to 
Phase II as shown in the figure. This deferral has resulted in a reduction of the capabilities 
needed to satisfy certain requirements. 

CAPABILITIES PROVIDED BY THE PHASED ARCHITECTURE 

Figure 3 provides a summary of the servicing capabilities provided by the current Phase I Space 
Station configuration and those that are to be added in the post-Phase I period (Phase II) . As 
can be seen in the figure, Phase I servicing will essentially be limited to in situ servicing 
tasks because the capability to provide the support systems and the means for environmental 
protection are deferred to Phase II. Using attached payloads as an example, only those servic- 
ing functions that can be performed without these requirements can be accomplished. Likewise, 
the replenishment of fluids (fuels and cryogens) will not be accommodated until Phase II. 
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Additionally, servicing missions will be adversely impacted by the lack of a staging/storage 
area in Phase I . 


major elements of the baselike servicing system architecture 

AS shown in Figure 2, the Servicing System is comprised of 13 support elements, 
major elements and their characteristics are as follows: 


Four of the 


e intravehicu lar Servicing Capability - This capability, shown m Figure 4, is centered 
around an Intravehicular Activity (IVA) workbench inside the pressurized volume of the 
Space Station. The GSFC is responsible for defining the requirements for this workbench 
from a user perspective, while the Marshall Space Flight Center (MSFC) is responsible for 
its design and development. This workbench will have the capability to provide a clean 
environment for servicing instruments, ORUs, and other customer hardware elements t a 
are sufficiently small to be transported through the airlock hatch. The bench will 
equipped with tools to support component replacement, printed circuit board changeou , 
and other limited repair and checkout tasks. 

e Fliaht Telerobotic Servicer - The Flight Telerobotic Servicer (FTS) , iUu ** rat * dconc *P" 
tually in'Figure 5, also is being developed under the direction of the GSFC. This system 
is intended to be used to replace or reduce the need for hazardous and costly Extrave- 
hicular Activity (EVA) in the performance of many servicing tasks. At the beginning of 
the Space Station Program, the FTS will be employed to assist in the assembly of the 
Station, in its early configurations, it will be teleoperated from a control console 
located either on the ground, in the STS cabin, or in one of the pressurized modules. As 
the necessary technologies mature, the FTS will evolve to increasing levels of autonomy. 
The FTS Project is currently nearing completion of its Phase B definition period from 
which more detailed concepts will emerge. 

• Mobile Servicing Center - The Mobile Servicing Center (MSC) . d «Pi^*din ^ U ” 6 ' M ^ne 
be provided to the Space Station Program by Canada. In conjunction " ith ' , 

Transporter (MT) , it will provide the capability to transport ™ 

ing and maintenance hardware, and the FTS to various locations on 

ditionally the MSC is expected to make possible the in situ servicing of attached pay 
lolas aid Station system, when the tasks to be performed require no environment 
tion The capabilities of the MSC will be phased such that initial elements are deployed 
on the Station over several assembly flights during Phase I, and the remainder * dded 
during Phase II. The Special Purpose Dextrous Manipulator (SPDM) , attached to the manip 
ulator in Figure 6, is also supplied by Canada. 

a Soace Station Servicing Facility - The configuration of the Servicing Facility and its 
Nation on the Space ltation ~^ u ss is shown in Figure 7. The facility is shown in it, 
open configuration with the Hubble Space Telescope (HST) berthed in preparation *° r 
vicing. During the actual servicing operation, the facility would be fully closed «ound 
the «tr to protect it from contamination and damaging solar impingement and thermal ex 
tremes. The facility consists of a large deployable enclosure mounted on * track st rue 
ture that contains several separate enclosed storage areas, which provide the capability 
to accommodate instruments, ORUs, tools, the FTS, the OMV, and other 
equioment in a protected environment. As the figure shows, the facility i 
catefLnipulator to ease operations within the enclosure. The servicing 

1, «. facility -ill allow aarvicin, ai.aioa. « parfor~d by EV. h. 
FTS, or by a suitable combination of both. As shown in Figure 2, the Servicing Facility 
is currently designated for deployment in the Phase II period. 

SERVICING FACILITY INCREMENTAL ASSEMBLY 

The Servicing Facility, as defined during Phase B of the Space Station Program, will be Resigned 
in a^modular^fashion so that it could be manifested on the NSTS in either one flight or divided 
^ sh«e t!e Orb iter's payload bay with other hardware on three flights. The latter approach 
a 1 lows 1 an* 1 increment! ^buildup of servicing capability that offers considerable flexibility by 
providing c.p.ou”” .. if iJ cd.C. rigor. 8 d.pict, «... ««• incr.tt. nt . ,nd 
lation of the types of servicing functions and missions that can be acco 

Jue ?o the design concept for the facility, a further breakdown is also possible, ^or example, 
only one or two of the Jhree storage areas shown under .the "Group 1" configuration could be 
deployed initially, providing a reduced capability that could be augmented later. ^hough 
"Group 2" confiauration is only about half thesize of the full Servicing Facility, 
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provide a -significant capability to service attached payloads and small Explorer class free fly- 
ers as well as the necessary FTS and OMV accommodations. 

ATTACHED PAYLOAD AND free flyer servicing require ments matrices 

Pictures 9 and 10 provide matrix tabulations of the servicing requirements of . can ^^ a ^* . 

attached payloads and free flyers. The parameters enclosed by. a box in Figure 8 drive the need 
for environmental protection of the payload during servicing and the need for a P£** C *®J * 
age location for servicing hardware. As shown in the tables, the thermal c ° . dded 

missions are stringent and can be expected to apply to most other missions that might be adde 

to the list in the future. Therefore, it should be noted that the composition of the paylo 
to tne use in tns lu Thi« i = wnullv true for the contamma- 

set is less important than the scope of the parameters. This is equal y contamina- 
tion control requirements. Efforts are currently underway to more clearly define the c®"**" 1 

tion control and storage volume requirements of a smaller set of payloads that is « ns ^ered 

likely for the early Station phase. With a more definitized set of requirements, the Progra 
lill be able to plan the phased buildup of the servicing capabilities in an optimized manner. 

ADDITIONAL AREAS OF STUDY FOR PHASE I 

As mentioned above, further study is underway to examine the Phase I Space Station • 
capabilities with respect to a definitized set of phased requirements. The areas being 
tigated ara as follows: 

e Stor age/Staging Accomodations - In developing and analyzing scenarios f « ■P^“ c aer " 
vicing missions, a need for this type of capability has become evident. The focus of 
study in this area is to validate and quantify the requirement. 

® <?ervlcinq and Assembly of Payloads Having Therm a l, Contamination, or Solar Implngeme jit 
Sensitivities - Using a realistic set of near -term payloads, their requirements will be 
documented and quantified. 

. pts Accownodations - Since the FTS is designated to be a part of the Space Station frorn^ 
First Element Launch, its accomnodation requirements will be definitized and concepts 
their satisfaction will be developed. 

e EVA Efficiency - The requirements for maximized efficiency in the use of EVA for seryic 

• gars asyg s&as 

tingencies during servicing, maintenance, assembly, and loading/unloading the NSTS 
biter will be considered. 


CONCLUSION 
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Figure 1. Design Reference Missions for Customer Servicing 


(PHASE H) 



Figure 2. Servicing System Architecture 
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PHASE 1 


• TRANSPORTATION: ON SPACE STATION TRUSS (MT/MSC); TO/FROM OTHER 
ORBITS (OMV): GROUND TO ORBIT AND RETURN (STS) 

• SERVICING ATTACHED PAYLOADS IN SITU (MT/MSC/FTS/SPDM/CREW) 

• SERVICING POLAR PLATFORMS IN SITU (STS/OMV/FTS); ELV OPTION UNDER STUDY 

• IVA REPAIR OF ORUs (IVA WORKBENCH) 

PHASE 2 

• SERVICING ATTACHED PAYLOADS, FREE FLYERS, AND CO-ORBITING 
PLATFORMS IN THERMAL AND CONTAMINATION-CONTROLLED ENVIRONMENT 
(SERVICING FACILITY/FTS/CREW) 

• REPLENISHMENT OF PROPULSION AND CRYOGENIC SYSTEMS (SERVICING 
FACI LITY/FTS/OSC RS) 

• PROTECTED STORAGE FOR PAYLOADS, INSTRUMENTS. AND ORUs AWAITING 
ASSEMBLY, INSTALLATION, REPAIR, OR RETURN TO GROUND (SERVICING 
FACILITY) 

• ACCOMMODATIONS FOR OMV AND FTS (SERVICING FACILTY) 


Figure 3. Capabilities Provided by Phased Architecture 


IV WORK BENCH 



ENVIRONMENT 

Figure 4. IVA Servicing Workbench Concept 
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Figure 6. Mobile Servicing Center 


7 




Figure 7. Space Station Servicing Facility Configuration 
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Figure 8. Servicing Facility Incremental Assembly 







GROUP 1 - PAYLOAD ACCOMMODATIONS 
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Figure 9. Attached Payload Servicing Requirements Matrix 



GROUP 1 - ACCOMMODATIONS 
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Figure 10. Servicing Requirements Matrix (Free Flyers, OMV, FTS) 
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